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Abstract
Background: The objective was to estimate the proportion of inhabitants with a diagnosis-
registered encounter with a general practitioner, and to elucidate annual variations of clinical
categories of patients in terms of their individual comorbidity.
Methods: A three-year retrospective study of encounter data from electronic patient records,
with an annual-based application of the Johns Hopkins Adjusted Clinical Groups (ACG) system.
Data were retrieved from every patient with a diagnosis-registered encounter with a GP during the
period 2001–2003 at 13 publicly managed primary health care centres in Blekinge county,
southeastern Sweden, with about 150000 inhabitants. Main outcome measures: Proportions of
inhabitants with a diagnosis-registered encounter, and ranges of the annual proportions of
categories of patients according to ACGs.
Results: The proportion of inhabitants with a diagnosis-registered encounter ranged from about
64.0% to 90.6% for the primary health care centres, and averaged about 76.5% for all inhabitants.
In a three-year perspective the average range of categories of patients was about 0.4% on the
county level, and about 0.9% on the primary health care centre level. About one third of the
patients each year had a constellation of two or more types of morbidity.
Conclusion:  About three fourths of all inhabitants had one or more diagnosis-registered
encounters with a general practitioner during the three-year period. The annual variation of
categories of patients according to ACGs was small on both the county and the primary health care
centre level. The ACG system seems useful for demonstrating and predicting various aspects of
clinical categories of patients in Swedish primary health care.
Background
In order to describe and analyse the burden of morbidity
in a population, the morbidity and comorbidity status of
each patient need to be measured, as well as the mix of
groups of patients in a defined area. Case-mix analyses
might thus show groups of patients defined by their mor-
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bidity status. A case-mix measure classifies cases into clin-
ical groups that are similar in terms of certain
characteristics. The cases can be patients, contacts, epi-
sodes or visits. The characteristics may be diagnosis, pro-
cedure, severity, need for resources, and capacity to
benefit. Different case-mix systems are constructed to han-
dle different tasks – planning, prevention, describing the
content, resource allocation, and cost reimbursement. No
single system is applicable to every function [1-3].
Most patient classification systems world-wide have used
diagnosis or procedure as the subject for grouping [4-6].
In this study we have focused on patients and their con-
stellation of morbidity. To date, the only system that uses
the health status of each patient, and nothing else, as the
characteristic for grouping is the Johns Hopkins Adjusted
Clinical Groups® (ACG) system [7,8]. It has been designed
to predict the need for resources by defined populations
and is of particular relevance for studying the health of
populations [1]. The objective of the ACG system is to
show the burden of morbidity in a population, thereby
providing the possibility to allocate resources accordingly
[7,8]. The ACG system has been assessed and adapted to
the Swedish setting [4,9]. Results from one municipality
and one county council have demonstrated the feasibility
and the characteristics of the grouping on a one-year basis
[10,11]. The ability of the system to elucidate the individ-
ual comorbidity of the patients was emphasised. Interest
in the ACG system for use in risk management has
increased during the past decade, and many academic
applications are ongoing world-wide [12-15].
In this study we focus on the first tier of ambulatory care.
In Sweden, ambulatory care services outside of hospitals
are provided mainly by primary health care (PHC) cen-
tres. With very few exceptions no gate-keeping system has
been established among the county councils in Sweden,
though there often are strong recommendations in many
county councils to use PHC as the first level of contact.
Diagnoses are classified and coded by the general practi-
tioner (GP), and most PHC centres use electronic patient
records (EPRs) [16,17]. The proportion of encounters
with a registered diagnosis is about 81% in Swedish PHC
[17]. However, when focusing on the morbidity in a pop-
ulation, the proportion of inhabitants with a registered
diagnosis is of particular interest. The number of inhabit-
ants with registered diagnoses during one or several years
has so far received little attention, and there is to our
knowledge no research reported with this focus. The sta-
tistics on a national level in Sweden are on resources, pro-
cedures and diagnoses, and have not been analysed with
respect to the individual constellation of morbidity. How-
ever, one study in Sweden with the aim of developing
patient-level clinical costing included a limited focus on
the constellation of morbidity among patients in PHC
[18].
Data retrieval from EPRs on the county level has been
done primarily for purposes of disease management and
has taken on a traditional epidemiological perspective. To
our knowledge, no studies on clinical categories of
patients in PHC during a period of several years, in terms
of their constellation of morbidity, have been performed
in Sweden to date. In the other Scandinavian countries the
situation is likewise. With few exceptions, this approach
Table 1: Number of patients included in the study at the 13 PHC centres, and the proportion of patients included, based on the total 
number of inhabitants in the catchment area, in 2001–2003
2001 2002 2003
PHC centre Patients (#) Prop. of 
inhabitants (%)
Patients (#) Prop. of 
inhabitants (%)
Patients (#) Prop. of 
inhabitants (%)
A / B 9  8 1 44 3 . 99  0 1 24 0 . 49  0 6 34 0 . 4
C 9  0 0 75 6 . 18  2 0 35 1 . 27  6 3 14 7 . 3
D 2  6 4 53 8 . 82  6 1 93 8 . 52  9 3 94 2 . 9
E / F 6  9 5 04 5 . 26  6 3 24 3 . 26  2 4 24 0 . 4
G / H 6  1 6 65 2 . 95  7 9 85 0 . 05  6 7 54 9 . 2
I 7  5 5 74 4 . 77  6 0 64 5 . 27  1 9 04 2 . 9
J 5  2 7 33 6 . 35  1 3 53 5 . 35  9 8 04 1 . 1
K 6  2 4 83 8 . 75  8 5 33 6 . 15  6 0 63 4 . 6
L 6  4 8 04 6 . 95  8 2 34 2 . 84  5 1 63 3 . 3
M 7  3 6 54 4 . 96  2 3 83 8 . 36  5 6 84 0 . 0
N1 4 436 -- 4 575 -- 5 802 --
Total 71 941 45.02 67 494 42.12 67 212 41.02
1 Centre N was a PHC acute centre, and patients came mainly from PHC centres A/B, C and E/F
2 Patients from PHC acute centre N not includedBMC Public Health 2006, 6:35 http://www.biomedcentral.com/1471-2458/6/35
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has not even been on the agenda for all of the North
American studies aiming to assess and develop the ACG
system [19-22].
The aim of this study was to estimate the proportion of
inhabitants with at least one encounter where one or
more diagnoses are classified and coded by a GP, and to
elucidate the annual (year-to-year) variations of clinical
categories of patients in PHC by applying the ACG system
to encounter data.
Methods
Setting and data retrieval
Our study was carried out among all inhabitants of Ble-
kinge county in southeastern Sweden. Data were retrieved
from each of the 13 publicly managed PHC centres for the
three-year period from 1 January 2001 to 31 December
2003.
When calculating the proportion of inhabitants with a
registered diagnosis, we used figures established by the
county council for the geographic catchment area of each
of the 13 PHC centres. We also assumed that the privately
managed PHC units had no geographic catchment area of
their own. At the end of 2003 there were 15 such private
units.
All of the 13 PHC centres used the Swedestar® EPR system.
At three sites two centres combined their EPR databases.
Patients at one acute PHC centre were specially registered
at that centre. Thus there were 11 sites from which data
were retrieved.
Every patient encounter with a GP where there was at least
one registered diagnosis was retrieved for each of the three
calendar years separately. Four pieces of information were
included: an anonymous identification number, date of
birth, sex and a diagnostic code.
Data processing and analysis
The '6.03i' version of the ACG instrument was utilised
[23]. The Swedish PHC version of the International Statis-
tical Classification of Diseases and Related Health Prob-
lems, Tenth Revision [24], was mapped to the full version
of the classification by using a cross-reference scheme
based upon equivalent tables from the National Board of
Health and Social Services. Detailed information about
the ACG system and the grouping algorithms have been
Proportion of inhabitants with a diagnosis-registered encounter with a GP at 13 PHC centres (A-M), and average on the  county level for the time periods: calendar year 2003, calendar years 2002–2003 and 2001–2003 Figure 1
Proportion of inhabitants with a diagnosis-registered encounter with a GP at 13 PHC centres (A-M), and average on the 
county level for the time periods: calendar year 2003, calendar years 2002–2003 and 2001–2003.
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published elsewhere [8-11]. The building blocks of the
ACGs are the various types of morbidity, where each
unique diagnosis (ICD-10) is allotted to one of 32 differ-
ent ADGs (Aggregated Diagnosis Groups) defining the
type of morbidity based on five combined criteria: i) likely
persistence of the condition, ii) grade of severity, iii) aeti-
ology, iv) diagnostic certainty and v) need for speciality
care. The end result of the grouping is that each patient is
allotted to one, and no more than one, of 82 ACGs,
depending on his/her registered type or types of morbid-
ity (the ADGs), and/or his or her age and sex in some
cases. Thus each ACG is used as an average for a group of
patients with the same constellation of ADGs, thereby
indicating the need for care of each category of patients.
On the county level the variation within an ACG was cal-
culated with the range of the annual proportion for the
three years. On the PHC centre level the variation within
an ACG was first calculated in the same way as for the
county level for each one of the centres. Then the average
range for all PHC centres was calculated. Friedman's test
was used to compare the distribution of ACGs at PHC cen-
tres between the three years. The statistical software SPSS®
version 11.5 was used.
Results
Study population
The total population in the county stayed at about the
same level during our period of study; 150 017 inhabit-
ants in 2001 and 149 889 in 2003. The total number of
patients registered with private GPs amounted to 27 854,
which was about 18.6% of all inhabitants at the end of
2003. At the 13 publicly managed PHC centres in Ble-
kinge county there were a total of 119 665 patient encoun-
ters with a GP in 2003. On average, 87.1% of the
encounters that year had a diagnosis registered, with a
range from 78.0% to 96.7% among the PHC centres. The
average figure in 2002 was 87.6% and in 2001 it was
89.1%.
The number of patients included in our study, i.e. those
patients each year with at least one diagnosis-registered
encounter with a GP, decreased from 71 941 in 2001 to 67
212 in 2003. Table 1 gives the number of patients
included for each of the participating PHC centres, and
also shows the proportion of all inhabitants that were
included.
The distribution and three-year range of Adjusted Clinical Groups (ACG) in 2001–2003 (ACG with <1% of the patients were  excluded) Figure 2
The distribution and three-year range of Adjusted Clinical Groups (ACG) in 2001–2003 (ACG with <1% of the patients were 
excluded).
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The proportion of inhabitants with a diagnosis-registered 
encounter
The proportion of inhabitants in the county with a diag-
nosis-registered encounter with a GP during one calendar
year was about 42.7% on average during the three-year
period. By identifying each patient on a PHC centre level
throughout the three years, it was determined that the
proportion of these patients, based on all inhabitants in
the county, was about 41.1% during one year (2003),
about 61.6% within a two-year perspective (2003 and
2002), and about 76.5% when focusing on all three years
(Fig. 1). The proportion of inhabitants, not being regis-
tered for a diagnosis by a GP during the three-year period
was thus about 23.5%.
Variation on the county level
Fig. 2 gives an overview for the three years of the distribu-
tion of ACGs containing at least 1% of the patients
included in our study. The three-year range was 0.4% on
average with a maximum of 1.9% in one of the ACGs
(Acute: Minor, Age 6+). The 10 most frequent single ACGs
comprised about 80% of all patients. Due to incorrect
dates of birth, about 30 of the patients included could not
be defined in terms of ACGs each year (in total 92
patients, or 0.05%).
In Fig. 3 the 82 ACGs have been aggregated into eight clin-
ically based clusters of ACGs. The three-year variation was
about 0.5% on average in these clusters, with a maximum
of about 1.0%. The lowest range between the three years
for an ACG cluster was about 0.1% and the highest value
was 1.5%. In 2001 about 38.9% of all patients were cate-
gorised as having one and only one time limited health
condition. The corresponding figures for 2002 and 2003
were 38.0% and 38.2%, respectively. The proportion of
patients with a constellation of two or more types of mor-
bidity was 31.5% on average per year.
Variation on the PHC centre level
On the PHC centre level the average three-year range
among all ACGs was about 1.2%, with a maximum of
about 3.0%. The average and maximum range for each
ACG containing more than 1% of the patients is presented
in Table 2. No statistical significant difference in distribu-
tion of the ACGs between the three years was found.
Discussion
The main findings of this study were that three fourths of
the inhabitants visited a GP during the three-year period,
and a vast majority of the patients had a diagnosis-regis-
tered encounter during that period. Also, the annual vari-
The distribution and three-year average range of Adjusted Clinical Groups (ACG) in 2001–2003, aggregated into eight basic  clinical groups Figure 3
The distribution and three-year average range of Adjusted Clinical Groups (ACG) in 2001–2003, aggregated into eight basic 
clinical groups.
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ation in clinical categories of patients according to ACGs
was small in statistical terms. The stability over time pro-
vides reasons for using the ACG system both for estimat-
ing the proportion of encounters with a GP among the
population and for elucidating categories of patients for
the purpose of analysing and managing PHC.
One limitation in this study is our assumption that inhab-
itants living in the geographic catchment area of a partic-
ular PHC centre will visit that centre. This has not been
analysed, as administrative data were not captured in our
study. Further, some patients may also have visited more
than one of the 13 PHC centres during a calendar year,
and we were not able to trace the patients between centres.
Regarding the PHC acute centre, we were able to trace the
number of visits of the patients back to their regular PHC
centre, but not the number of individuals. Taking these
limitations into account, we still consider this county-
based approach to be advantageous due to the large pop-
ulation, which probably makes our results fairly repre-
sentative for PHC in Sweden.
The main limitation of this study is that data were cap-
tured only from publicly managed PHC centres. This was
due to the lack of EPR systems at the 15 privately managed
units. However, less than one fifth of all inhabitants were
listed at those units. Further, we believe that a considera-
ble proportion of these patients also visited publicly man-
aged PHC centres. We therefore have reason to believe
that this lack of data did not significantly influence the
clinical categories of patients in terms of ACGs. Also, there
were no differences in access to services between the pub-
lic and the private PHC units.
The proportion of inhabitants in our study with one or
more diagnosis-registered encounters with a GP at the 13
PHC centres during a three-year period (76.5%) seems
fairly high, and to our knowledge this has not been stud-
ied before. If it had been possible to include encounters at
the 15 privately managed units this proportion would
doubtless have been larger. Taking into account that not
all encounters have a registered diagnosis, the proportion
of inhabitants with any encounter with a GP in the three-
year period is most likely significantly higher. This indi-
cates that in this respect PHC comprises the first tier of
care for the great majority of the population in the county,
and our figures are probably representative for PHC in
Sweden. Information from EPRs in PHC therefore seems
to be useful for further application of the ACG system.
The correctness and completeness of the EPRs and the
classification and coding of the diagnoses are important
for the ACG system because it is based on the diagnostic
codes. The accuracy of the EPRs in general practice in the
UK was found to be high for some chronic diseases but
poor for acute illness and socio-economic data [17]. How-
ever, the retrospective design of our study has given us
reliable data in terms of registered diagnoses. The use of
everyday clinical data as they were registered in the EPRs
has also lead to a fair correctness of the diagnoses. In our
study we found a registered diagnosis in about 87% of the
encounters, which is in line with another Swedish study
[17]. This indicates a fairly high level of completeness,
even though about 13% of the total encounters in the
council were not diagnosis-registered and thus not
included in our study. In the ACG system, however, the
crucial point is for the diagnostic code to belong to the
right cluster of diagnoses in terms of type of morbidity,
based on the five criteria for grouping into the ADGs. This
makes the ACG system somewhat less dependent on both
the correctness and the completeness of the diagnoses.
Albeit this, the results of the ACG grouping are sensitive to
the accuracy with which physicians enter diagnoses into
Table 2: The three-year average and maximum range of the proportion of Adjusted Clinical Groups (ACGs) at 13 PHC centres in 
2001–2003. ACGs with <1% of the patients excluded
ACG Description Average range Maximum range
0300 Acute: Minor, Age 6+ 3.0 4.5
0500 Likely to recur, without allergies 1.1 2.3
4100 2–3 Other ADG combinations, Age >34 1.5 2.8
0400 Acute: Major 1.2 2.2
0900 Chronic: Medical, stable 0.8 1.5
2100 Acute: Minor and Likely to recur
Age >5, w/out Allergy
1.1 1.9
1800 Acute: Minor, and Acute: Major 0.4 1.1
1600 Preventive/Administrative 1.0 2.1
1300 Psychosocial, without Psychosocial unstable 0.9 1.7
All ACGs 1.2 3.0BMC Public Health 2006, 6:35 http://www.biomedcentral.com/1471-2458/6/35
Page 7 of 9
(page number not for citation purposes)
the EPRs. A more complete registration of diagnoses most
often leads to a distribution of patient categories with a
larger number of complex ACGs.
When measuring the health situation in the populations
with the ACG system, the time span of the constellation of
morbidity needs to be discussed. The grouping of patients
was performed for each year separately, which is so far the
only application of the ACG system that has been carried
out world-wide. However, in this study we also measured
the constellation of morbidity of every individual by
means of diagnoses registered during the whole three-year
period. On the one hand, this means that more types of
morbidity for a patient are taken into account when
grouping, resulting in a more comprehensive constella-
tion of morbidity. On the other hand, the morbidity that
is present one year might not be relevant the following
year. When applying the ACG system to our data from two
of the three years in our study, we naturally found that the
patients had more complex constellations of morbidity,
and this was even more the case when expanding the
period to all three years. Further studies on this issue are
needed and are ongoing in Blekinge county.
The resulting relatively small three-year variation of ACGs
can be considered in two ways. Firstly, it seems that the
true distribution of clinical categories of patients meas-
ured as ACGs is robust in a three-year perspective, which
can be expected due to the large population and the short
time span. This might indicate that the ACG system is a
valid instrument for measuring the burden of morbidity
in a population over time, and might be used for planning
purposes by PHC managers. However, further research is
needed to analyse the variations in a longer period. Sec-
ondly, it seems that the ACG system as an instrument is
stable, which has so far received little attention. Our fig-
ures on the three-year range (<1%) are low and in line
with the results from other studies [25,26]. The ACG sys-
tem therefore seems to be useful for demonstrating the
distribution of, as well as predicting, clinically meaningful
categories of patients in Swedish PHC, and it ought to be
an interesting area for further research and development.
Table 3: 
Range (%) ACG Description
1.9 0300 Acute: Minor, Age 6+
0.4 0500 Likely to recur, without Allergies
0.7 4100 2–3 Other ADG combinations, Age >34
1.0 0400 Acute: Major
0.6 0900 Chronic: Medical, stable
1.1 2100 Acute: Minor, and Likely to recur, Age >5,w/out Allergy
0.2 1800 Acute: Minor, and Acute: Major
0.6 1600 Preventive/Administrative
0.2 0200 Acute: Minor, Age 2–5
0.7 1300 Psychosocial, without Psychosocial unstable
0.2 2300 Acute: Minor, and Chronic: Medical, stable
0.1 0800 Chronic: Medical, unstable
0.1 2800 Acute: Major, and Likely to recur
0.2 4420 4–5 Other ADG combinations, Age >44, 1 Major ADGs
0.2 0100 Acute: Minor, Age 1
Table 4: 
Basic clinical group Range (%) ACGs included and aggregation principles
Time limited 0.9 One type of morbidity – time limited
Likely to recur 0.5 One type of morbidity – recurrent
Chronic 0.7 One type of morbidity – chronic
One type – other 0.8 One type of morbidity – others
Time limited & Likely to recur 1.5 Two types of morbidity – time limited and likely to recur
2 other & 3 types 0.6  Two (others than the two above) or three types of morbidity
4+ types 0.3 Four or more types of morbidity
Prev./Admin. 0.6 Preventive/AdministrativeBMC Public Health 2006, 6:35 http://www.biomedcentral.com/1471-2458/6/35
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Additional analyses may also be done on the PHC centre
level, such as concerning the constellation of morbidity
for various groups of patients with specific diagnoses in a
perspective of several years. In the future, the ACG system
may provide a basis for more comprehensive analyses
such as studies on clinical outcomes.
The resource allocation feature of the ACG system is an
important part of the system that has not been specifically
addressed in this study; however, the system has been
shown to provide a basis for allocating resources
[14,20,22,25]. The small variation over time in our study
indicates that the ACG system provides a relatively stable
basis for allocating resources in PHC. Regarding economic
aspects, however, further studies are needed on the per-
formance of the ACG system in Sweden. One trial with
this focus was performed with data from an area of Swe-
den where patient-level clinical costing in PHC has been
of interest, and that study is reported on in the following
article in this issue of BMC Public Health.
Conclusion
About three fourths of all inhabitants had one or more
diagnosis-registered encounters with a GP during the
three-year period. The annual variation of categories of
patients according to the ACG system was small on both
the county and the PHC centre level. The ACG system
therefore seems useful for both demonstrating and pre-
dicting the distribution of categories of patients, thereby
providing information for the purpose of analysing and
managing PHC in Sweden and in other Scandinavian
countries.
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